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PREFACE

This project is under the direction of Professor Ivan I. Mueller
of the Department of Geodetic Science, The Ohio State University. Pro-
ject manager is Jerome D. Rosenberg, Geodetic Satellites, Code SAG, NASA
Headquarters, Washington, D. C. The contract is administered by the
office of Grants and Research Contracts, Office of Space Science and
Applications, NASA Headquarters, Washington, D. C.

The report was written by James P. Reilly, graduate research assis-
tant. Computer programming was done by Messrs. Ferrier, technical
assistant, Krakiwsky, graduate research associate, and Reilly.

Reports related to NASA Contract No. NSR 36-008-033 and published
to date are the following:

The Determination and Distribution of Precise Time, Report No.
70 of the Department of Geodetic Science, The Chio State University.

Proposed Optical Network for the National Geodetic Satellite Program,
Report No. 71 of the Department of Geodetic Science, The Ohio State
University.

Preprocessing Optical Satellite Observations, Report No. 82 of the
Department of Geodetic Science, The Ohio State University.

Least Squares Adjustment of Satellite Observations for Simultan-
eous Directions or Ranges, Part 1 of 3: Formulation of Equations,
Report No. 86 of the Department of Geodetic Science, The Ohio State
University.

Least Squares Adjustment of Satellite Observations for Simultan-
eous Directions or Ranges, Part 2 of 3: Computer Programs, Report
No. 87 of the Department of Geodetic Science, The Ohio State Uni-
versity.

Least Squares Adjustment of Satellite Observations for Simultan-
eous Directions or Ranges, Part 3 of 3: Subroutines, Report No.
88 of the Department of Geodetic Science, The Ohio State University.

Quarterly Progress Reports, Numbers 1, 2, 3, 4, 5, 6, 7, 8.
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ABSTRACT

The purpose of the report is to present the
documentation of the subroutines used in the "Least
Squares Adjustment of Satellite Observations for
Simultaneous Directions or Ranges" computer programs.

Each write-up is self-contained, there are no
references made to other subroutine write-ups. However,
in many cases, the logic can be fully comprehended only
by seeing the subroutine within the framework of the
complete computer program.
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TITLE:

ANRAD (Function)

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE:
DESCRIPTION:
RESTRICTIONS/
ASSUMPTIONS:

METHOD:

CALLING SEQUENCE:

IBM 7094

Converts from degrees, minutes,
and seconds into radians.

Only one conversion per call.

This function converts an angle
to radians by first converting the
angle to degrees and decimal degrees,
and then dividing this by
57.29577951308232.

FUNCTION (G) = ANRAD. (I,M,N,C )

where G = angle in radians RDF *
I = sign of angle RSI **
M = degrees RSI
N = minutes RSI
C = seconds RDF
* Real Double Precision Floating

**  Real Single Precision Integer

-1-



TITLE:

PROGRAMMING LANGUAGE :

CARGEO

SCATRAN

MACHINE CONFIGURATION/

TYPE:

DESCRIPTION:

RESTRICTIONS/
ASSUMPTIONS:

METHOD:

IBM 7094
Converts Cartesian coordinates to

geodetic coordinates.

Only onpe, conver51on per call The
values for A, 'E2', and 'PI' (a, e?,
) must be defined 1n main program.

Given X, Y, %, a, e®, and I,

Z

0 ()(2+Y2)E w
Tan ¢ =D (1 - e?) (2)
v ='(1—e2:j.nzq>');E 3
Tan ¢ = D (l+e2NZ'Sin¢') (4)
N = = (5)

(l-eZSi.nzq));5

)

If (6 -~ ¢ ) is greater than .5 x
1071%, the value of ¢' is replaced by
¢, and equations (4) and (5) are
iterated untll (¢ - ¢ ) is less than

.5 x 107!

Then,
A = tan~! ;1 (6)
2, w2y
H = i%a%%;l“ - N (7)



CARGEO (Contd)

where
¢ = geodetic latitude of stations,
in radians RDF
A = geodetic longitude of stations,
in radians RDF

H = elevation of station above
the ellipsoid, in meters RDF

CALLING SEQUENCE: CALL SUBROUTINE (C, G, H) = CARGEO.
(X, ¥, Z2)+ where
X, Y, and 2 = the Cartesian coordinates
' of the station, in meters RDF
C = geodetic latitude, in radians RDF
G = geodetic longitude, in radians RDF
H = elevation above ellipsoid, in
meters RDF



TITLE: CHCON

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094
DESCRIPTION: This subroutine

distance between two
the 3 - 3x3 matrices
this distance in the

computes the chord
stations along with
required to constrain
solution of Normal

Equations.
RESTRICTIONS/
ASSUMPTIONS: Only one computation per call.
METHOD: Given the two station Numbers (for

identification) and the X, ¥, 2 coordinates

for the two stations,

RR = ( (X3=X1)2 + (Yp-¥1)2 + (Z2-2;) %)%

The direction cosines of the vector
between the two stations are computed

from each station

(X2-X4)
(Y2-Y,y)
TL (1) = - R
(Z22-2,)
Tl (2) = - R
Xo~X,
T2 (0) = R
Yz"Y1
T2 (1) = R
Z,-7,
T2 (2) = =

Three 3x3 matrices are computed as

follows:



CALLING SEQUENCE:

XX1, YY1,

XX2, YYZ2,

*

ICCl

CHCON (Contd)

Npi(i,j) =T1 (1) * P * T1 (3)
N22(i,j) = T2 (i) * P * T2 (3)
Ni2(i,j) =Tl (i) * P * T2 (j)
where

P = weight = 1000.

CALL SUBROUTINE (N1l1, N22, N12, RR) =

CHCON. (ICCl, ICC2, XX1l, XX2, YY1,
YY2, 221, 222)+

where

N1l, N22, N12 are defined under METHOD
RR = Computed chord distance between
the two stations

= Identification number of first
station
ICC2 = ldentification number of second
station
221 = X, Y, Z coordinates of first
station
222 = X, ¥, Z coordinates of second
station :

Real Single Precision Flating

RSF *

RDF
RSI

RSI

RDF



TITLE:

FMMJD (FUNCTION)

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: :

DESCRIPTION:

RESTRICTIONS/
ASSUMPTIONS:

METHOD:

CALLING SEQUENCE:

IBM 7094

Calculates the number of Julian days
that have ellapsed since Jan. 1.0, 1950.

Only one conversion per call.

L] ]
The function tests the month ,
and calculates the number of days in the
year prior to that month. A test is made
for a leap year, and if it is a leap year
the extra day is added.

The hours, minutes, and seconds are
converted to the decimal part of the day.
Then the number of Julian days that have
ellapsed since Jan. 1.0, 1950, is
computed.

FUNCTION (AMJD) = FMMJD. (LHR, LMN,
ASC, LMO, LDA, LYR) +
where
LHR = Hours RSI
LMN = Minutes RSI
ASC = Seconds RDF
LMO = Month RSI
LDA = Day RST
LYR = Year RST
AMJD = Number of Julian Days RDF

since Jan. 1.0, 1950



TITLE: GEOCAR

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: . Converts geodetic coordinates to
Cartesian coordinates.

RESTRICTIONS/

ASSUMPTIONS: Only ope|conver§ion per call. The
values for A , and EZ' (a, e?) must be
defined in main program.

METHOD: If 'a' is the semi-major axis of the
ellipsoid, and 'e?' is the eccentricity
of the ellipsoid, then

N = a L
(1-e%sin?¢)

X = (N+H) Cos¢ CosA

Y = (N+H) Cos¢ Sina

Z = (N (l-e?) + H) Sin¢

where

¢ = latitude of station

A = longitude of station

H = height of station above
the ellipsoid

CALLING SEQUENCE: CALL SUBROUTINE (X, Y, Z) = GEOCAR.
(b, A, H) +
where ¢ = latitude in radians RDF

A = longitude in radians RDF
H = elevation above ellip- RDF
soid in meters,
X, ¥, & Z = Cartesian coordinates RDF

of station, in meters



TITLE:

HRRAD (Function)

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE:
DESCRIPTION:
RESTRICTIONS/
ASSUMPTIONS:

METHOD:

CALLING SEQUENCE:

IBM 7094

Calculates radians from hours,
minutes and seconds.

Only one conversion per call.

This subroutine converts hours,
minutes and seconds into radians by

using the standard procedures.

FUNCTION (B) = HRRAD. (I, J, A) +
where

I = Hours RSI
J = Minutes RSI
A = Seconds RDF
B =

Output value, in radians RDF



TITLE: INVPR

PROGRAMMING LANGUAGE: SCATRAN
MACHINE CONFIGURATION/
TYPE: IBM 7094
DESCRIPTION: Converts Cartesian coordinates to
geodetic coordinates.
RESTRICTIONS/
ASSUMPTIONS: Only one conversion per call. This
§ubroutine should be used only for getting
rough estimates' of ¢, X, H.
METHOD: Given X, Y, 2, a, e?
D=—_—Z————i§_
(X2+Y2)
o \
tan ¢ =D (1 -e?)
a
N =
(1-e2sin2¢')*
1-e?NSin¢ '
Tan ¢ = D ( 7 )
- _ 2 _ a2
H = Sing N (l1-e?)
- -1 Y
A = tan %
CALLING SEQUENCE: CALL SUBROUTINE (FF, XLAM, H) = INVPR.
: (A,EE,X,Y,2) +
where
FF = latitude of station, in RSF
radians
XLAM = longitude of station, in RSF
radians
H = elevation above ellipsoid,
in meters RSF
A = semi-major axis of RSF
ellipsoid

-9-



INVPR (Contd)

EE
X, ¥, 2

eccentricity of ellipsoid RSF
Cartesian coordinates of RSF
station, in meters

[}

-10-



TITLE: MULTM3

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: Multiplies two 3x3 matrices.

RESTRICTIONS/

ASSUMPTIONS: The elements of the A and B matrix
must be defined prior to calling the
subroutine.

METHOD: Given two 3x3 matrices, A and B.

R (1,1) =aA (1,1) *B (1,1) + A (1,2) *
B (2,1) + A (1,3) + B (3,1).

This process is repeated for all nine (9)
elements of the R matrix.

CALLING SEQUENCE: CALL SUBROUTINE (R) = MULTM3. (A,B)+

where A = 3x3 matrix RDF
B = 3x3 matrix RDF
R = Resulting 3x3 matrix RDF

-11-



TITLE: MULTV3

PROGRAMMING LANGUAGE: SCARTAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: Multiplies a 3x3 Matrix by a 3x1
vector.

RESTRICTIONS/

ASSUMPTIONS: The vector will be pre-multiplied by
the matrix. The vector cannot be post-
multiplied by the matrix.

METHOD Given the matrix A (3,3), and the

CALLING SEQUENCE:

vector B (3,1). The subroutine multi-
plies A times B to give the resulting
vector R (3,1).

CALL SUBROUTINE (R) = MULTV3. (A,B) +
where

A = 3x3 Matrix RDF
B = 3x1 vector RDF
R = Resulting 3xl1 vector RDF

-12-



TITLE: NUT

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: This subroutine computes the nutation
in longitude and obliquity of the ecliptic
to be used in computing the Greenwich
apparent sidereal time.

RESTRICTIONS/ Only one computation per call.

ASSUMPTIONS: This subroutine calls the system
subroutine DMTMPY, which must be in the
library.

METHOD: The subroutine is entered with the

CALLING SEQUENCE:

time of the event expressed as the number
of days and decimal days since 1900.0

The theory of the computations is
explained in full detail in the text of
'Part I: Theory. The output of the
subroutine is the nutation in longitude
and nutation in obliquity,

CALL SUBROUTINE (C,E) = NUT. (DD) +

where
C = Nutation in longitude RDF
E = Nutation in obliquity RDF
DD = Number of days and RDF

decimal days since 1900.0

-13-



TITLE: POLE

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: This subroutine interpolates, from
data in computer storage, the motion of
the pole (x and y) for any instant of
time from 1958.0 to 1967.0.

RESTRICTIONS/ Only one interpolation per call.

ASSUMPTIONS :

METHOD:

CALLING SEQUENCE:

The values for the motion of the pole
are tabulated from Bessellian date 1958.0 to
Bessellian date 1967.0, the tabular interval
being 0.05 years.

The input to the program is the date of
interest, expressed as the number of Julian
days and decimal days that have ellapsed
since January 1.0, 1950 Greenwich universal
time. To this is added the Julian Date of
January 1.0, 1950.

Julian Date Time of interest +

+ 2433282.500

where
2433282.500

Julian date of January 1.0,
1950 ugT

The time of event is then converted to
Bessellian date by the following conversion

J.D. - 1721060.133

B.D. = 365.2422

The table of polar motion values are searched
using the Bessellian date of the event as
argument. A second order Bessillian interpo-
lation is performed to arrive at the values
for x and y.

CALL SUBROUTINE (FUNX, FUNY) = POLE. (TIEV) +

where
FUNX
FUNY
TIEV

the x motion of the pole RDF
the y motion of the pole RDF
time of event, which is RDF
equal to the number of

days and decimal days that
have ellapsed since Jan. 1.0,
1950.

-14-



| TITLE: RADAN
PROGRAMMING LANGUAGE: SCATRAN
MACHINE CONFIGURATION/
TYPE: IBM 7094
; DESCRIPTION: This subroutine converts radians
1 into degrees, minutes and seconds.
RESTRICTIONS/
ASSUMPTIONS: Only one conversion per call.
METHOD : This subroutine multiplies the radian

CALLING SEQUENCE:

value by 57.29577951308232 to get degrees

.and decimal degrees. The decimal portion

of the degrees is multiplied by 60 to get
minutes and decimal minutes. The decimal
portion of the minutes is multiplied by
60 to get seconds and decimal seconds.

CALL SUBROUTINE (I,M,N,C) = RADAN. (T) +
where

I = sign of angle RST
M = degrees RSI
N = minutes RSI
C = seconds RDF
T = radians RDF

-15~



TITLE: RADHR -

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: Calculates hours, minutes, seconds
from radians.

RESTRICTIONS/ .

ASSUMPTIONS: Only one conversion per call.

METHOD : This subroutine converts radians to

CALLING SEQUENCE:

hours, minutes and seconds by using the
standard procedures.

CALL SUBROUTINE (I, J, A) = RADHR. (THETA)+
where

I = Hours RSI

J = Minutes _ RSI

A = Seconds RDF
THETA =

input value, in radians RDF

-16-



TITLE: RBRAN

PROGRAMMING. LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: This subroutine performs a least
square iteration adjustment for the
X, Y, Z coordinates (terrestrial or
geodetic system) of a satellite.

RESTRICTIONS/ Subroutines GEOCAR and SYINVT must

ASSUMPTIONS: be included with this subroutine.

METHOD: This subroutine performs a least

square adjustment for the X, Y, Z
coordinates of a satellite by holding

the ground stations fixed and applying

the residuals to the ranges. The
approximation for the parameters (XS, YS,
ZS) is obtained by converting the so-
called approximate geodetic coordinates

of the satellite to Cartesian coordinates.
The approximation is obtained by meaning
the latitudes and longitudes of the ground
stations and using 1.6 megameters for the
ellipsoidal height. (Note that 1.6 is
constant, and for higher satellites this
value is too small; however, in view of
the rapid convergence, it is at this time
not deemed necessary to make this a
variable with each satellite).

The following formulation is used:

1
[AX?+AY%2+A22]7

R =
A JR
o Parameters
V=AX + L (Rcomp-Robs)
where
X = corrections to parameters
V = residuals to ranges

-17-



CALLING SEQUENCE:

- RBRAN (Contd)

The convergence criterion of the
XS, ¥YS, Zs is 1 cm. Upon convergence
the coefficient matrix "A" and the
residuals "V" are output.

CALL SUBROUTINE (ACOEF, XS, Y¥YS, 4S, FL,

V, K) = RBRAN. (NS, FLAT, FLON, STAXYZ,
NO', RO) +

where
ACOEF = A (defined in METHOD) RSF
XS, ¥YS, 28 = cartesian coordinates RDF
of satellite
FL = R -R = L RDF
comp ~obs
(topocentric range)
V = AX+L (residuals to RDF
ranges) '
K = Number of iteration RSI
(maximum)
NS = Number of stations RSI

involved in the simul-
taneous event
FLAT = an array containing the
latitudes (in radians)
of the stations
involved RDF
FLON = an array containing the
longitudes (in radians)
of the stations
involved RDF
STAXYZ = a matrix containing the
Cartesian coordinates of
all the ground stations
in the whole net. RDF
NO = an array containing the
assigned numbers of
stations involved in the

simultaneous event RSIT
RO = an array of observed
ranges RDF

-18~-



TITLE: RCOMP,

PROGRAMMING LANGUAGE: SCARTAN

MACHINE CONFIGURATION/

TYPE: ' IBM 7094

DESCRIPTION: This subroutine computes the X, Y,
Z of the satellite from the o, § from
the two ground stations.

RESTRICTIONS/

ASSUMPTIONS: One calculation per call.

METHOD: Given o & § from the two ground

stations to the satellite,

a. = C . COS0 .
i 0s a;c0 61
bi = sin aicosé. (true celestial
coordinate system)
c. = sin §.
i i

a rotation is performed to the vector
into the terrestrial coordinate system.

'

a. a.
i i
1

b, = R b
1 1
]

c. C.
i i

where the rotation matrix R has been
computed prior to calling the subroutine.

Since the two ground stations have
known coordinates, the direction cosines
of the unit vector between the two stations
is computed. The three vectors then
represent the three sides of a triangle,
and the vectors are dotted to get the
angles of the triangle. The scale is
introduced by the computed distance
between the two ground stations; finally,
the X, ¥, and Z of the satellite is

computed using the laws of trigonometry.

-19-




CALLING SEQUENCE:

RCOMP (Contd)

- CALL SUBROUTINE (XS, YS, ZS) = RCOMP.

(NO, STAXYZ, RA, DEC, R3) +

where
XS, YS, ZSs
NO
STAXY?Z
RA
DEC
R3

-20-
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it

Cartesian coordinates RSF
of satellite in the
terrestrial or geodetic
system

Vector containing the RSI
numbers of the two

ground stations

matrix containing the

X, ¥, Z of the ground
stations RDF
vector containing the
right ascensions (radians)
from the two ground
stations (in the same

order as NO). RDF
same as RA, but for the
declinations RDF

rotation matrix to
rotate into the
terrestrial system RSF



TITLE: ROTATE

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: Forms a rotation matrix which is the

product of any number of single-axis
rotations through any angles.

RESTRICTIONS/

ASSUMPTIONS: The rotation angles must be in the
array 'c', and the rotation axes must be
in the array L prior to calling the
subroutine.

METHOD : This subroutine forms a rotation

matrix which is the product of any
number of single axis rotations through

any angles. The input to the subroutine
is:

1. The rotation angles, which are given
in the array 'C'. The order of the
angles in the array will be the order
in which the rotations are performed.

2. The axis about which the rotations
are to|t?ke place are given in the
array L . The value 1 refers to a
rotation about the X axis, 2 about
the Y axis, 3 about the Z axis, and
a number larger than 3 in the array
is to indicate that all rotations have
been made, and to transfer out of the
subroutine.

The subroutine looks at the value
inL (o). If it is a 1, it will perform
a rotation about the X axis by the amount
of the angle given in C (o). If L (o) is
a 2, a rotation will be performed about
the Y axis by the amount of the angle in
C (o). If L (o) is a 3, a rotation will
be performed about the Z axis by the amount
of the angle in C (o).

-2]-



If L (o) =

If L (o) =

If L (o)

CALLING SEQUENCE:

1,

2,

3,

ROTATE (Contd)

The rotation matrix will be as
follows:

1 0 0

R = 0 cos C (o) Sin C (o)
0 -8in C (o) cos C (o)

cos C (o) 0 -Sin C (o)

R = 0o 1 0
Sin C (o) 0 cos C (o)

cos C (o) Sin C (o)

R = {8in C (o) cos C (0)
0 0 1

The subroutine then looks at L (1),
performs the rotation through the angle
located in C (1), and then multiplies
this new rotation matrix by the previous
matrix. This process is repeated until
a number larger than '3' appears as one
of the elements in the 'L' array.

CALL SUBROUTINE (R) = ROTATE. (C,L) +
where
C = rotation angles array,
single subscript
(0 to (n-1)) RDF
L = rotation axes array,
single subscript
(0 to N) RSI
R = rotation matrix array,
double subscript

(0,0 to 2,2). RDF
N = number of single axis
rotations RSI

L (M) #1, 2, or 3

-22~
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TITLE: SIG

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

DESCRIPTION: This subroutine computes the variance-

: covariance matrix of ¢, A, H from the
variance-covariance matrix of X, Y, Z.

RESTRICTIONS/

ASSUMPTIONS This subroutine calls two system
subroutines, MTINV and MTMPY. These
subroutines must be in the library.

METHOD: Given the variance-covariance matrix

of X, ¥, and Z, and also given ¢, A, H,
the subroutine computes

-Sin¢ CosXx -Cos¢ Sin) Cos¢ Cosh
G = [=Sin¢ Sin) Cos¢ CosA Cos¢ Sina
Cos¢ 0 Sing

lx is the variance-covariance matrix of
b X, ¥, 2. ’

(Meters) ?

2& - G—IZX (Gl)—l
Y
h z
where Z¢ is the variance-covariance
A
h

of ¢, A, H (in meters?) .

The subroutine also computes

2 2
ers®,sec . . )
[met ! ] which is the wvariance-

Lo
A

covariance matrix of ¢, A, H in mixed
units by converting the units of ¢ and
A to seconds?.

-23-



CALLING SEQUENCE:

SIG (Contd)

CALL SUBROUTINE (SIGL, SIGM)
(SIGX, FLAT, FLON, H) +

SIG.

where

SIGX = Ix, the variance-covariance
z Mmatrix of X, Y, 2Z
FLAT = Latitude
FLON = Longitude
H = Height ?bove ellipsoid
SIG L = ZMeter§ the variance-
3 covariance matrix of
¢, A, H, in meters?
SIGM = ¥, the variance-covariance

{ matrix of ¢, A, H, in
g mixed units.

-24-
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CALLING SEQUENCE:

TITLE: SYINVT

PROGRAMMING LANGUAGE: SCATRAN

MACHINE CONFIGURATION/

TYPE: IBM 7094

.DESCRIPTION: Inverts a symmetric 3x3 matrix .
RESTRICTIONS/

ASSUMPTIONS: Only one matrix inversion per call.
METHOD: This subroutine inverts a symmetric

3x3 matrix by forming the matrix of
cofactors, and dividing each element of
the cofactor matrix by the determinate of
the original matrix. The result is the
inverse matrix.

CALL SUBROUTINE (B) = SYINVT. (A,S) +
where

A

I

name of the double subscripted array
that is to be inverted. (array
starts at (0,0) ) RDF
B = name of double subscripted

array that is the inverse of

A (array starts at (0,0)) RDF
S = single subscripted variable
with dimension at least 10,
used for intermediate storage.
S(9) will be the determinate
of 'A’ RDF

-25~-



TITLE:

TRANSP
PROGRAMMING LANGUAQE: SCATRAN
MACHINE CONFIGURATION/
TYPE: ' IBM 7094
DESCRIPTION: Takes the transpose of a square
' matrix .
RESTRICTIONS/
ASSUMPTIONS: Only one matrix transposed per call.
METHOD: Direct application of the definition.

CALLING SEQUENCE:

CALL SUBROUTINE (G) = TRANSP. (N) +
where

G = the matrix to be transposed.
It will also be the name of the trans-
posed matrix. (Double subscripted
array variable starting at (0,0)) RDF

N = number of elements in any
row or column RSI
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APPENDIX

Listing of Subroutines

2/



FUNCTION (G)=ANRADS(1sMsNysC)~
PRECISION (239G sCosRHOSD) =~
LITERALS (RHU957,29577951308232) -
D=60 ¢~
G= (M+N/D+C/ (D¥*D) ) /RHO-
PRUVIUED (I.Lu.$" b),G:—G..
NORMAL EXIT -
END SUBPROGRAM -
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SUBRUUTINE (NI1sN225siN12sRIK)=CHCUNG(ICCLsICC29XX19XX29YYLoYY2,
221+222)~

PRECISIUN (29XX1sYY192Z19XX2sYY29222sRKR ) =
PRECISION(24DSQRT.) ~
FLOATING(N11sN22sN12)-
DIMENSTIOUN( NILC(usL)sN22(0sL)sN12(GCsL)sT1(3)sT2(3))~
P=100uU ¢=
L=3-
DX=XX2=XX1~-
DY=YY2-YY1l-
DZ=222~221~
RR = DSWRTe((XX2 = XX1)ePae2 + (YY2 = YY1)ePe2 + (222 - 221)
CPOZ ) -
R = SQRTe(DXePe2+DYePe2+DlePe2) ~
T1(v)==DX/R-
T1(1)==-DY/R~-
T1(2)=-DZ /R~
DOTHROUGH(NEG)sI=0s1slelL o3~
NEG T2(1)y==T1(1)~-
DOTHROUGH(ONE)sI=0s1slele3~
DOTHROUGH(ONE) sJ=UslsJel e3-
UNE N11(I sJd)=T1(1)*¥P%*T1(J)-
DOTHROUGH(TWO) s I=0s1slele3-
DOTHRUUGH(TWO) sJ=UslsJel e 3~
TWO N22(Ts)=T2(1)*P*T2(J)~
DOTHROUGH(THR) s I=0s1lslele3~
DOTHROUGH(THR) sJ=0s1sJel o3~
THR N12(I1sd)=TI(I)*¥P%T2(J)~
NORMALEXIT-
ENDSUBPROGRAM~
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SUBROUTINE (CsGoH)=CARKGECe (XsYsZ)—
UNIVERSAL (AsE2)~
LITERALS (PI936141592653569793)-
PRECISIUN (29D9sCsGsHIXsYsZsCUsDATANG PP )~
PRECISTUN (2 TANCsTANCU DS I NesDCUSesF sBI»DOSART e )~
F=DSQRT o ( X#X+Y¥*Y)—
D=2/F-~
TANCO=D/{1le-E2)~-
CO=DATAN. (TANCO) -
BI=DSIN,(CO)~-
P=A/DSQURTe(le—EZ2*¥BI*BI )~
HERM1 TANC=D*(1e+E2¥%P*¥BI/Z)~
C=DATAN, (TANC) -
BI=DSIN, (C)~
P=A/DSWRTe{le—EZ2*BI*B])~
PROVIDED (eABSe (C=CU)eLEeabeXe=10)s TRANSFER TU (HERMZ)-
Co=C-
TRANSFER TU (HERM1)-
HERMZ2 G=DATANL (Y/X)~
PROVIDED (XeLeUos0) 9G=G+PI~
PROVIDED (XeGE eUeUeaAND oY el alUa0)sG=G+2e¥P]-
H=F/DCOS,.(C)~-P~
NORMAL EXIT -
END SUBPROGRAM -
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MON1

MONZ

MON3

MON&

MONS

MON6

MON7

MONS

MON9

MON10O

MON11
MON

FUNCTION ( AMJD ) =FMMJDs (LHR s LMNsASCsLMUs LDASLYR) =

PRECISION (2sASC»AMJID)-
CONDITIONAL (MON)-
PROVIDED (LMO.LQ¢%JAN

KMO= 0~
OR PROVIDED (LMO.LQeSFEB

KMO=31~-

OR PROUVIDED (LMOeLQe%MAR

KMO=59~
OR PROVIDED (LMOe«LQe$APR

KMO=90-

OR PROVIDED (LMOeLQe3MAY

KMO=120=
OR PROVIDED (LMO.LQe$JUN

KMO=151-

OR PROVIDED (LMO.LQe$JUL

KMO=181-

OR PROVIDED (LMO.LQe$AUG

KMO=212-

OR PROVIDED (LMO.LQe$SEP

KMO=243 -~
OR PROVIDED (LMU.LQe30CT

KMO=273-

OR PROVIDED (LMO.LQ43NOV

KMO=3 04
END CONDITIONAL -

KMO=334~

M=LYR/ 4~
PROV IDED

NORMAL EXIT

END SUBPROGRAM -

31

$)

OTHERWISE

%)
)
%)
3)
$)
3)
)
%)
$)

%)

OTHERWISE
OTHERWISE
OTHERWISE
OTHERWISE
OTHERWISE
OTHERWISE
OTHERWISE
OTHERWISE
OTHERWISE

OTHERWISE

{MON1) -

(MONZ2) ~
{MON3) -
(MON4 ) -
{MON5 ) -
(MON6 } -
(MON7) -
{ MONB ) -
{ MON9 ) -
(MON10)~

(MON11l)~-

(LYR-4%M¢Eo0 o ANDoKMOuL ¢59) »KMO=KMO-1~
AMJD=-3663,0+(L

YR=40)*¥365+KMO+LDA+M+ (LHR+ (LMN+ASC/60e¢)/600¢)
/244~ :



SUBRUULTINE (XoYsZL)=GEUCAR S (CoGoH)~

UNIVERSAL (AsE2)-

PRECISTUN (Z29XsYsLsCoGaHoP sDSINegsDCUSesBI )~
BI=DSIN.(C)-
P=A/(1.-E2*BI.P.2).P..5—
X=(P+H)*¥DCOSe(C)~
Y=X¥DSINe (G) -

X=X*¥DCOS.(G)-
L=(P¥(1,-E2)+H)¥*BI-
NORMAL EXIT -

END SUBPROGRAM -
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FUNCTION (B)=HRRAD«(IsJsA)-

LITERALS (T3042617993877991494) -
PRECISION (23BsAsT)~
B=I*T+J%T/6U0e+A%T/ 3600 ¢~

NORMAL EXIT -~

END SUBPROGRAM =~
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SUBRKUUTINE (FFeXLAMaH)=INVP e (AsEEsX9YsZ) -
RO=57429578-
PI=361415927~
TLAM=Y/X-
XLAM=ATAN (TLAM) -
PROVIDED (YeGFEeue)s TRANSFER (LL1O)~-
PROVIDED (XeGEoaUs ) s XLAM=XLAVI+24¥P ]~
PROVIDED (XeloeUe) sXLAYM=XLAM+PI=~
TRANSFER (L2U) -

Llu PRUVIDED (XeGEeUe) s XLAM=XLAM~
PROVIDED (XeLaeUe) sXLAM=XLAM+PI~
L2v XLANM=XLAM*RU-

TERM3=5QRT 4 (X¥X+Y¥*Y) =
TERM1=2/TERM3~
TERM2=TERM1/ (1-EE)-
FF=ATAN. (TERM2) -

SFI=SIN. (FF)-
XN=A/SURT e (1e—EE*SFI*SFI) -
TFI=TERM1% (1 +EE*XN¥SFI/Z) -
FI1=ATANe(TFI)~
FI1D=F11%RO~
SFI=SIN,(FI1)~
H=Z/SFI-XN*(1e—EE )~
FF=FI11D-

NORMAL EXIT -

END SUBPROGRAM -
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SUBROUTINE (R)=MULTM3,(AsB)~-
PRECISICON (2sAsBsR) =
LITERALS (KDMs3) =~
DIMENSION (A({CsKDM) sB(U+KDM) sR(O»KDM) )=
DO THROUGH (MULT)9sI=Uslslele3~
DO THROUGH (MULT)sJ=UslsJele3-
MULT REIsJI=ZACTIsUI*¥BlUsII+ALT»1)*¥BLLloJ)+ALT92)%BL29J) -
NORMAL EXIT -
END SUBPROGRAM -
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SUBROUTINE (R)}=MULTV3,(AsB)~-
PRECISION (2s5AsBsR)~ ’
LITERALS (KDMs3)-
DIMENSION (A(QsKDM)Y)-
DU THROUGH (MULT)sI=uUslslel e3=
MULT REII=A(TsL)*¥BIO)I+A(T s 1) *¥B(1)+A(1+2)%B(2)~
NORMAL EXIT =~
END SUBPROGRAM -
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SUBRUUTINE (CsE)=inUTe(DD)~-

DIMENSTIURN (A(5sL) sAM(345,0LL)9CS(69)sDCS(69)sCCI69)9DCC(69)
yAMA(69sL) - '

PRECISION (290ivisMaTCoHsTCCoDCC) -

DIMERSION (TCS(69)sTCC(6Y) )~

PRECISTIUN (Z29RKHUIASAMIAMASDDsDII sDMTHPY ¢ sDSINe 9DCUSesESCsC
S9CCsDCS4DCI) -

LITERALS (AM’UO9U"UO’U0310QUQQOQQOQ’OQ92.,’2.900920900,10
92e3Ue9 209U tUerU09 Ce9da9 2 esles=Ces0e9243003209l0s=LasOas
“lasUe90esUe920972er209V03le30e300900900slesles=CeslasOes—1l,
szo,—d0920QUQQUcQZQ’—ZO,10,209OQQO.’-Zo’OOQOOQOOQZOQ-ZO90090
0920300900QUQ’009109009U091090094.920’-50’209009—10300900910
) -

LITEKALb (AN(9U)Q-ZQQUQOUQ9&-91.9009-1092.9‘20’1.92.’0090.
972031090091l e9209"203)e3le3Ues0e9"109Ce300e90e32e30092491e90s
SUGIUe U330 etUe9l03UaslosleslUesle30escorlersesDes~lesDeas—ler
Ue32e3Ue92000esUe200320900e910e30030e300e3les~1as0e90es0eslas—1
09009209203 209109Ce3249Ve91e030090e9203920¢32¢32490090e304e90e)

LITERALS (AM(1BU)YslesUesdars=Cleslesles0s92e300920¢390690e9240
UedUe 9"l g9l a3e3Uev) et~ laslUesUa920e3)l0e310690e90e920e91le9=les0e
’2.92031.91.910’009—20’U0’Uo91.92090.920910900900’2090090.’0
090092091 03Ues=leslesUeslesles0eslerldesldesZe90a9l09"Le3Cas0e
3Ue2U09 2091 e9UesUes220e3¢eslarles0092e69™2031e90e20e30091a304)

LITEHALS (Am(270)’Uo’loQan_dQQO.,lo’—10900,00’00910’001-2
0900950920’3.,2-’Oo91.’1090.’2.90.90.91091.’0.900900910’“1.9
2.;U.92.9—2.9U.9U.,U.QloQ‘l.90.92.9“2.91.92.’0.90.90.9109-10
910926320320 %U e 1esl0320392091090a90a30092031lesles2e90e9245s
Be9ler2e9Lasle)~

LITERALS ((CSs—=1723274340084945¢31009=8as—3e9~2es—1272Y4412
61.,—497.,214.,144.945.,‘&1.,16.9-15.,—15.9_10.9“5.’_5094.,3
09=303=203T e 30T Da0=342e9cOLles=149,911%0900e9580a9=27049=5249~
44.9—520,23.,2609_2609450,19091409‘1509—909-70970’6-9°60’-60
9= 003063~ es=D0e90e s~ bes " Hesbestes~les a9~ 3e9 B3e9"les~Leslas—
20”2.9“2.92.9‘20)—

LITERALS (CC9921l0Ue 9 90% 09240300940 92e30639022a306921649~
9309‘°0-,Uo900900950970’50350’309—2-9“4090-)584.,O.,lb3.,ll3
.,O.g'bU.gU.,“ﬁl.930.9Z¢0925o914090.9‘110,1109039“1009—70’7-
,5.,0.9—3.9@.,3.,3.93.9—2.33.93-9—3090090090090092.)—

BOOLEAN (B)-

L=1-
LL=5~
K=69-

LITERALS (RHO$57429577951308¢32)-
DII=DD/10GUGCG~
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&

Twou

ABLE

T=DD/36525~
ACU)=29641046Uc+13,0645924465%DD+0+CG006890*DITI*DI1+0+000000
295%DI1*DII*DI ]~
A(L)=3584475035+047856U02669%DD~0,0000112%DII*DITI-040000000
68%DII¥DI1%DI 1~
A(2)=114250869+13¢22953504450%DD=040C0240T*DI1*DI1~-040000000
UT*DII*DII%DI1-
A(3)=350e737486+12e1907491914%DD=0+C061076*DII*DII+0e000000
U39*DII*DII*DI1-
AL4) =259 1854 15=0eUD2YD59222%0D+040G0L52T*DII*¥D11+00000000
46%DII¥DII*DII-
DU THROUGH (Twi)sI=UslslelEeb-
MM=A(1)/360-
ACI)=A(T)—MM1*360 .-
C=U-
E=U-
DCS(u)==17347*T-
DCS(1)=042%T-
DCS(7)==143%T-
DCS(8)==341%T-
DCS(9)=142%T~
DCS{1u)=-Le5%T—
DCS(11)=uael*T~
DCS(14)==Gal%T—
DCS(16)=Ce1*T-
DCS(23)=—u2%T-
DCS(24)=Uel*T-
DCS(25)=~Uet* T~
DCC(U)=941%T—
DCC1)=0o4*T—
DCCIT)==249%T-
DCC(G)==Uap*T-
DCC10)=Ce3*T~
DCC(23)=-045%T-
DCCI26)==Ue1%T~
CALL SUBRUUTINE (BsAMA)=DMTMPY 4 (AMsAssLL L)~
DU THROUGH (ABLE)sI=uslsleleb69-
M=AMA (1) /36C~
AMA(T)=AMA(1)=-M%360U.~
TCS(I)=CS(II+DCS(1)=
TCC(I)=CC(1)+0CC(I)-
C=C+TCS(I1)*DSINe (AMA (1) /RHU) -
E=E+TCC(1)%DCOSH (AMA (1) /RHO) -
E=E/10C00 e~
C=C/1UU0U -
NORMAL EXIT -
END SUBPROGRAM -
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SUBRUUTINE (FUNXsFUNY)=PULES(TIEV) =
wHEN MORE VALUES OF X AND Y AKE NEEDED) -
CHANGE THE FOLLOWING DIMENSIUN CARD -
DIMENSTUN (T(18L)sX(18u)s Y(180)) -
PRECISTIUN{Z 9 DELUXsDELLIXsDELZX sDELLOXsDELL IXsFUNX
DELUY sDEL1YsDELZ2Y sDELLUY sDELLIYSFUNYSsTIEV) -~
LITERALOSIT(U) sUe9i 0920930694 0994900370a30099¢910e91lesllasli3es
LG e 0l0e3l0eal/asledlVYeriesllegslldeslddarsctbegndldiesdbesldloasitos
Y930 e931095C 0920095483706 930495 4383068599400 04lasd4los30
446930 0940 e 0406340690909 U099 690C0 0390699443099 20a09 /090060
DO e 90U 6301030 eatU369040930D4300,4907,900e30%,39 7009 Llas 72097300
The9(DasTOas /(a9 (/0e9 (76380098, e938Le383e30besB2¢385435/0908e0
89e4)~
LITERALS(T(90)99UQQ710’740!7j0994.,95.990.997)QVU.’99¢’1000’
1UleodUldegs1U3e9lUlesiuideslieslUT,491008e8i0%e911lUesllleslllas
113e9114e911lbe91l0e91l/es1ltesllYeaslclerlllesl2laslllarllbes
12591264912 70e3120e912Y%e313Va31310913269133a9134a3135e913600
137e9130e91 35314003 141ea9140e3184569144%e910G5e2180031470314B4as
LG a9 lbuUe s LDl eslDcatlDoeslotes 0049100631957 6¢310Ce91296916040
16010910 e9i036910449100e9i00e316(43100e9169¢91700s3171leasilles
L7369l 76,90iT0e9 T70erl (TaslTCeslTY¢)—
LITERALO(X(U) 9= 0l 73 9=edlDomeli3D9= gl 9=l ie—alOls=e(09T79—603
29eU309e]lll9el009e6c07 9048903509598 963003563309e2809el18selG
Lo qUbBT9eq0UUI"eUbL 901129 e lluUs—elD39melDis—elZ69=a00869~a037
eV209eUY29¢101968259ed 1494299363089 e290364619a2U29e135940730
eUbLD9 0035340139 =eC269~eU729=e0969~01079=e10393=e087+=e0395400
49qU8use0T7TUseUBUSISQIUT 9el1T96l11794,109)~
LITERALS(X(60) 2009234076 34065940044406234057940463403494030>
eU32 3 eUU03e0459 06Ul 9ol 0403900284001 99=¢0109=e0279=a021y0
UU9’.VU59.U279.UQ7’007190039901209.14490102901/39.1/l’ol)/’.
128’OU94Q.U569oUl7$“oUl99-0U549—00809‘01109-01219*.119"0105
3= el (6 9s=guBreUUTYseUTUre 349 slYi90ed5990d749e30Lsead8lsad3Tsal
T6bsellzsquaBo—eulles~equbTF9—ol122)~
LITERALSIX(120) 9= el 7l 9= elD0s~alTbs—el0Y9=e1393=¢l0ls=e029940
Vb9 eUTls aiblbsecltrsecthUsedt]lsed3994£295e¢D09e4199¢1619e099540
42’°.v12,‘00079-0120,_ol009_01659—.1969-01949-01749‘01309—00
Tlds~evU3seUT1selcl9elb608saldUloseldd]lsededl9ec203e¢lT43e1389e0759,
033’.UUU,‘.UZQQ‘.Ubb9'.006,—0105$’.116,*o1199‘01159‘01049-00
BE 9= el 57 9=001090euD29e0969¢1173412b9elld394115)~
LITERALSIY(U)9eUldCsaeuI09el8/0ec0D9,3c89e508590405944 8904939,
4789.447,.411y.jbb9.5079.2359-1639.097’00439—0007’—.0369_005
T o~ eUbUs—gtiubTsmelcDseudcreldlUsadllyecdbDye3403e3(sa393944060
04109040190370905209oZbUQ020190143,009090045900079—00159—000
79.U£D,.0b9,.054’.14j9.L359o10490209’04309.£b§9040590500’o50
69.3019.2889.2719.249)—
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n

FATS

FAT6

LITERALO(Y(6U) 94220241099 4101 9400000l lseib89,101l5el0UselbD
el 539 el 0910l 9elDb9e1979 410900l Tl0elYlsecldsellblsellOsedS Ty
0309931490310 0e3 49e2YU9¢2 10028690 1b90l700el309e0929eC00
eUDBUSI eUDET9a002 1 alubts aldos 41003620090l 48362998¢3299635094376
038094307 363729 a04Y 360Ul 94dbDiseiV33el373e0913404092eU089—60<0
2e0UD s a4l 9,078)~
LITERALOS(Y(1Z2U)2el2U2el003e23Use29Use355904ll0elt990altcTaebDY
9.436’.3949.j.’)'7’.4739.L‘LV9.1609.1&39.0039.060,.0469.04j9.049
9.0699.loj901939QZCOQQLOOQOqusob?4,-‘400’.4349.‘4‘“‘4,04559.399
9034996303942 07 9494100 94l909el3]9e1l%941039e09696100s6108
9612491499181 26215902559¢298%033U%e3449034590337 9032490308
96291 9e27394253)~

LITERALS (RHUSECs2ub264e8ub2410963) -

TEV = TIEV + 2433282450u -

BY = (TEV - 17210604133)/365.2422 -~
A = (BY - 195840) ¥ 2Ue -
L=A+1o—

AN = (A - T(L-1)) /T(L) = T(L-U)) -
B = AN¥(AN - 1l.)/44 =~

DELUX = X(L-1) - X(L=-2) -

DEL1IX = X(L) = X(L-1) -

DEL2X = X(L+1) - X(L) -

DELLOX = DEL1X - DELUX -

DELLLIX = DEL2X - DEL1IX -

FUNX = X(L=1) + AN¥DEL1X + B¥{DELLOX + DELL1IX) -
DELUY = Y({L~-1) - Y(L-2) -

DEL1Y = Y(L) - Y{L-1) -

DEL2Y = Y(L+1) - Y(L) -

DELLOY = DELL1Y - DELOY =

DELL1Y = DELR2Y - DEL1Y =~

FUNY = Y(L=-1) + AN¥DFEL1lY + B*¥(DELLOY + DELL1Y) =~
WRITE OUTPUTsFATS5s (FUNX)
(1HO Q% X = %*4F1546) -
WRITE QUTPUTsFAT6Es (FUNY)
(1HUsQ¥ Y = *¥3F1546) -
FUNX = FUNX/RHOSEC -
FUNY = FUNY/RHOSEC -
WRITE OUTPUTSFATL(TIEV)
{1H1 Q% TIME OF EVENT = ¥43DF10e3) -

WRITE OUTPUTsFAT2s(AKsPsJsl) -
(1HU9F10.3,IQ,F10.3’214) -

WRITE OUTPUTFAT3s({ANs B) -

(1HUsW¥* INTERVAL 1S ¥9Fl0e4su¥B = %*43F10e4) =~

WRITE UUTPUT sFATSG s (DELUXSDELIXSDEL2XsDELLOXsDELLIX) =
(1HUIE6F1546) -

WRITE UUTPUTsFATG s (DELUYsDELIY sDELZYsDELLOYSDELLLY) -
CONTINUE =

NORMAL EXIT -

END SUBPROGRAM -
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SUBRUUTINE (TsMaNsC)=RADANL(T)~
PRECISION (29GsTsRHO)-
G=T-
LITERALS (RHUH7429577951308232)~
PRUVIDED {(GeloeuesU)s TRANSFER Tu {(PLACL)-
I=%+ b-
TRANSFER Tu (PLACZ)-
PLAC1 G=-G-
I=%~ $-
PLAC2 G=G¥RHO~
M=G-
G=(G-M)#6C 4~
N=G-
C=(G—-N)#60 4~
NORMAL EXIT -
END SUBPROGRAM -
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SUBROUTINE (IsJsA)=RADHRW(THETA)~
PRECISION (2sPIsAsTHETA)=-
P1=34141592653589793238~
A=THETA*12,/P1~

I=A-~
A=(A-1)%60 4~
J=A-

A={A~J) %60 ,~

NORMAL EXIT -

END SUBPROGRAM -
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SUBRUUTINE (ACUEE s XS3 Y0 elnsFLaVeK)I=xKBRANG (INSsFLATsFLUNSSTA
XYZsNOsROsYA) -
DIMENSTUN (FL(1U))=-
PRECISIUIN (295TAXYZyru)-
DImENSTUN (FiN(Goi) sClIsL ) s ACUEELG L) sSTAXYZ (0L ) suU{3)sD(3)
95T{1v)sACUEF(30sL) )~
PRECISTIUN (2o s X093 Y59L59D0uwrkTeasDXaDYsDZsGEUCAResFLATMoFLUN
MesHS) -
L=3-
FLATM=v -
FLONM=U ¢~
DU THROUGH (5UM) sl=Uslslel e NS~
FLATM=FLATM+FLAT(NU(]))~
SUM FLONM=FLONM+FLONING(T) )~
FLATHM=FLATM/{1le®NS) -
FLUNM=FLUNM/ (1e4%NS) -
HS=16uUL0UL0 ¢~
CALL OUBKRUUTINE (Xo9YusZo)=GEUCARS(FLATMsFLUNMSIHS )~
K=0U-
DO THROUGH (ZER1I)sI=uslelel el—
DU THROUGH (ZER1) sJ=Usl sJel o3~

U(I)=0e-
ZER1 C{leJ)=0e-—
RCOMP DO THROUGH (NOURMAL) s [=Uslslel eNS-

DX=XS=5TAXYZ(NO(I)s0)-
DY=YS—STAXYZ(NO(I)s]1) -
DZ=L5-STAXYZ(NU(])9s2)~

R-"—DbUR] .(DX.P.2+DY.P.2+DZ.P.2 )‘
FL{I)=R=-RO(I1)-

ACOEE (T s )=DX/R~

ACOEE(T $1)=DY/R~-

ACOEE(192)=DL/R~
ACOEF({TIoU)=ACOEE(IsU)*YA(TI)~
ACOEF(I1s1)=ACOEE(Is1)*YA(I)~

ACOEF (I+2)=ACOEE(Ts2)¥YA(I) -
C=C+ACOEF (1s0)*¥ACOEE(150)~
Cl1le1)=Cl1s1)+ACOEF(I+s1)*ACOEE(TI 1)~
Cl292)=ClZ92)+ACOEF(192)*ACOEE(T22)~
Clusl)=ClLs1)+ACCEF (Tsu)*¥ACCEE(Ts1)~-
Clle2)=Cl1le2)+ACUEF(TIsl)*¥ACOEE(T 21~
Clus2)=ClUs2)+ACUEF (TI9sv)*ACUGEE(T»2)~
UU)=ULO)+ACOEF(Tsu)*FL(T)-
U(1)=U(1)+ACOEF(Ts1)*¥FL(T}~-

NORMAL J(2)=U(2)+ACUEF (T 92)¥FL(T)~
CALL SUBROUTINE (FN}=oYINVTL(C)=-
D(U)=Ce-
Dll)=Ue-
D(2)=0as0~

DU THROUGH (XVECT) sI=Uslslele3~
DU THROUGH (XVECT) sJ=uslsJel o3~
XVECT D(I)=D(I)=FN{IsJ)*U(J)~
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| €

ZERQ

VCOMP

XS5=Xo+D (V) -
YS=YS+D(1)~
25=L5+D(2) -~

DU THROUGH (ZERU)sl=uslslel o3~
DU THROUGH (ZERU) 9J=Usl s el o3~

U(I)'—"U-—
ClIsd)=0e-
K=K+1-
TRANSFER Tu (RCUMP)

FRUVIDED

.U.Ul.OR..ABSDD(Z).G.b.ul)—
DU THRQUGH (VCUMP ) sI=uslslel e NS
VD) =FLOTD)+ACOEE(L s U ®Ul G +ACUEL{ T s 1)V *D (1) +ACUEE(T92)%D(2) -

NORMAL EXIT -
END SUBPROGRAM -
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SUBROUTINE (X5sYS59sZ5)=RCOMP e (NUsSTAXYZsRASDECIR3 )~
LITERALS (RHU9574295779513)~
DIMENSION (VX(3)sVY(3))~
DIMENSION (R3(0sL))~-
DIMENSION (V1(3)sV2(3)sV12{(3)sSTAXYZ{(OsL))-
PRECISION (29R3+DECSRASSTAXYLZ) -
LITERALS (L»s3)-
=.HOP.DEC-
D=eHOPeRA-
VX=C0S.(C) -
VX{1)=SINe(D)#¥VX~
VX=COSe (D) *VX-
VX{2)=SIN(C) -
C=eHOPLDEC(1) -~
D=eHOPRA(1)~-
VY=COSe(C)~
VY{1)=SINe(D)*¥VY-
VY=COS.(D)*VY-
VY(2)=SIN.(C)-
DO THROUGH (VZERT)sI1=Uslslel o3~
V2({I)1=Ue~-
VZERT Vi(l}=U.-
DO THROUGH (V1ROT)sI=Uslslele3~-
DO THROUGH (V1ROT)sJ=UslsJele3~
V2ROT V2(I1)=V2(1)+eHOPGR3(I s J)*¥VY(J)=
V1ROT VI(I)=V1{I)+eHOPGR3I(IsJ)*¥VX(J)~
V12(U)= g HUP ¢ STAXYZINO(1) sU) = eHUP ¢ STAXYZ(NO(Q)s0)~
VI12{1)=eHOPeSTAXYZINO(1)s1)—eHOP+STAXYZ(NO(O)s1)-
V12(2)=¢HOPeSTAXYZINO(1)52)=eHOP¢STAXYZ(NO(0)s2)~
R12=5QRTe (V12(0)ePe2+V12(1)ePe2+V12(2)aPe2)~
Vi2(v)=V12(V)/R12-
V12(1)=V12(1)/R12~
V12(2)=V12(2)/R12-
CAT=-V2%V]12-V2(1)1*¥Vv12{1)=-V2{(2)*V]12(2)-
SINA2=SQRT 4 (1e~CATPe2)~
CATI=VI*V24V1(1)¥V2(1)+V1(2)%V2(2)~
SINA3=SQRT,(1le~CAT1ePe2)~-
R15=R12%5SINA2/SINA3-
XS= o HOP ¢ STAXYZ (NO( D) s UI+R15¥V1{O0) ~
YS= e HOP ¢ STAXYZ(NO(O) 9 1) +R1S*¥V]1(1 )~
252 e HOP ¢ STAXYZ(NO(Q) s2)+R15*V1(2)~
NORMAL EXIT ~
END SUBPROGRAM -
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SUBROUTINE (R)Y=ROTATE(CslL)-
LITERALS (KDMs3)=-

DIMENSICN (R{GsKDM) s G(94KDM) 9Q(2) )~
PRECISION (23R 3GsCsDoINesDCUSe9Q) =~

K=u-
t INTO CONDITIONAL (SWING)-
PROVIDED (L(K)eEel) UTHERWISE (SWING1)-
G(Usu)=1~

G(191)=pCOS(C(K))~
G(192)=DSIN.(C(K))~-
G(291)=~G(1+2)-
G(292)=G(1ls1)-

G(1)=0.0~
G(2)=Ue0~-
G(3)=0e0~
G(6)=0s0-
SWING1 OR PROVIDED (L(K)eEe2) OTHERWISE (SWING2)-

GlUsU }=DCOSL(C(K) )=~
G(2sv)=DSING(C(K)) -
G(lsl)=1-
G(092)==G{(2+0)~
G(292)=G(0Us0)~
G(1)=0a.0-

G(3)=040-

G(5)=0,0-

G(7)=0e0-

SWING2 OR PROVIDED (L{K)eEe3) OTHERWISE (SWING3)~-
G(Usu)=DCOSL(C(K) )=
G(U9l)=DSINe(C(KY}) )=
G(lsu)==G(0s1)~
G(1ls1)=G(Us0)~
G{2+2)=1~
G(2)=0.0~-

G(5)=0.,0-
G(6)=0s0~
G(7)=0.0-

END CONDITIONAL -

SWING3 NORMAL EXIT -

SWING K=K+1-

PROVIDED (KeGael)s TRANSFER TO (COMP)-
DO THRQUGH (GET)eI=09ls]lel o3~
DO THROUGH (GET)sJ=0UslsJel e¢3~

GET R(IsJ)=G(IsJ)~
TRANSFER TO (INTO)-
comp DO THROUGH (MULT)sI=0slslele3~

QLU)=R(0s1)~
Q{1)=R(1lsI)~
DO THROUGH (MULT) sJ=UslsJel ¢33~
MULT R(JeI)=QIUI*G(Js0)+Q{1)RGIIs1)+R(25])*¥G(Js2)~
TRANSFER TO (INTO)-
END SUBPROGRAM -
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SUBRUUTINE (0IGLeSIGM)I=5]0e (SIGXsFLATsFLUNIH) -
DIMENSTIUON (GoIGX{9sL) Yy~
DIMENSTUN {(SIOX{UsL)solGuiusl) sG( Yl ) sGT (99l ) sSIGM{OsL)sT1
{(3)s7T2(3)) - )
LITERKALS (RIOITUUUU e s i{ULECscUbZ2EG 481 )~
L=3-
EK1=0IN (FLAT)=-
EK2=CUS, (FLAT )~
FKl=0INg (FLON)=
FK2=COS  {FLON) -~
Gluse )=—EKI¥FK2-
G(Usl)=-EK2%¥FK1-
GlUs2)=EK2*FK2~
Glleov)=—LEK1¥FK1l-
G(1le1l)=FEK2%FK2~
Gils2)=EK2¥rK1l-
G{2sv)=EKZ2~
G(291})=0e~-
G(Z292)=EK1~-
DU THROUGH (TRNYsl=usles]lel ed~-
DU THROUGH (ITRN)sJ=UslsJel a3~
TRN GT(IeJ)=G(UsI)~
CALL SUBROUTINE (EsDsG)=MTINVe(T19T29393)~
CALL SUBROUTINE (EsDsGTy=MTINVel(T19T29393)—
CALL SUBROUTINE (EsGOIGX)I=MTMPY ¢ (Gs51GXs343,43)—
CALL SUBROUTINE (EsSIGL)=MTHMPYe (GSIGX9GT939393)—
RHORH=e HUP ¢ RHOSEC/ (R+H) =
SIGM(Us0)=SIGLIUsU) ¥*RHURHeH ¢ 2~
SIGMI191)=5SIGL(1 1) *¥RAURHWF 42~
SIGM{292)=516GL(292)~
SIGM{U91)=SIGL(Us]1) *¥RHURHelF ¢ 2~
SIGM(190)=516M(Us1) -
SIOMIU2)=516LIuUs2) *¥RHUKH=
SIGM(2+0)=SIGM(U»2) -
SIGM(192)=51GL(192)*¥RHURH=-
SIGM(291)1=5IGM{1s2) -
NORMAL EXIT -
END SUBPROGKAM -
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CH

SUBRUUTINE (A)=SYINVTel(B)-

DIMENSTUN (A(UsRDM)YsBIUSKDM)s5(10))~

LITERALS (KDMs3)-

DU THROUGH (CH)sl=Uslsl el 3-
K=2%]1-

DU THROUGH (CH)esd=Tl9elsueble3-
S(K+J)=B(IsJ)=-

S(H)=5(1)1*¥5(1)~

S(7)=5(2)%5(2)~

S(8)Y=5(4)%5(4)~
S{9)1=5%S(3)*5(61+2e%F0(1)F5{2)%5(4)=5(3)FL(7)=5%5(8)~5(6) %5
5) -
A=(S(3)%5(6)~-5(8))/5(9)~
Alusl)=(S(2)%o(4)=5{1)%*5(6))/5(9)-
Alus2)=(S(1)¥5{4)y=-5(2)%5(3))/25(9) -
A(lel)=(S¥5(6)~5(7)1/5(G)-
AlLls2)=(5(1)1%*5(2)=5%0(4))/5{(9)-
Al292)=(0%¥5(3)-0(5))1/519)-
Aflsv)=A(Us])~
A(2sv)=A(Ue2)~
Al2s1)=A1192)-

NORMAL EXIT -

END SUBPROGRAM -
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SUBRUUTINE (O)=TKANoFe(N) -
PRECISTIUIN (29GP -
DIMENSTIUON (GlUeiN) )=
[=u-
CUNJ J=I+1-
JC P=G(1lsJy)~-
G(IeJ)=GlJdsel)-
GlJsl)=P-
J=Jd+1-
PROVIDED (JelLaiv)s TANSFL TU (JC)-
I=1+1~-
PRUVIDED (lebteN=1)s TwANOFEX Tu (CUnJ)-
NORMAL EXIT -
END SUBPROGRAM —
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